Angioedema (AE) is a localized swelling of the subcutaneous tissue and/or submucosa. A sudden local increase in the permeability of capillaries and post-capillary venules causes a fluid shift from plasma to interstitium. A number of mediators can increase microvascular permeability; for example, histamine, arachidonic acid metabolites (prostaglandins, leukotrienes), and bradykinin. Based on the physiological mechanism, AE is divided into two major groups: mastocyte-mediator-induced AE (histaminergic AE) and bradykinin-induced AE (1).
Introduction
Angioedema (AE) is a localized swelling of the subcutaneous tissue and/or submucosa. A sudden local increase in the permeability of capillaries and post-capillary venules causes a fluid shift from plasma to interstitium. A number of mediators can increase microvascular permeability; for example, histamine, arachidonic acid metabolites (prostaglandins, leukotrienes), and bradykinin. Based on the physiological mechanism, AE is divided into two major groups: mastocyte-mediator-induced AE (histaminergic AE) and bradykinin-induced AE (1) .
Episodes of swelling develop in minutes to hours (1) . The skin over the AE may be erythematous or have a normal skin color. AE may be painful. Pruritus is rarely present (2) . When AE is not accompanied by urticaria it is called isolated AE (3) . AE most frequently involves the tongue, lips, face, and, less frequently, the extremities, genitalia, or intestines (4) . When AE involves the tongue or larynx, it is a life-threatening condition due to the risk of suffocation (5) . In many patients, the etiology of AE is remains unknown and a diagnosis of idiopathic AE (IAE) is made (4) .
In this report, we present data on the frequency of the causes and severity of isolated AE in patients attending a tertiary clinic. We aimed to identify how often AE is associated with angiotensinconverting enzyme inhibitor (ACEI-AE) therapy and whether the severity of AE episodes in these patients differs from the severity of idiopathic AE.
Patients and methods

Patients
We included patients with AE that were referred to a tertiary allergy clinic from 2005 to 2014. Using the hospital information system, we identified patients with a diagnosis of T78.3 according to ICD-10 (angioneurotic edema). We thoroughly examined patient medical records using a data-collection form for data on concomitant urticaria, other diagnoses that could explain edema, locations of angioedema, treatment of episodes (location and medicines used), atopy, and concomitant medications. We grouped patients as shown in Figure 1 . First, we excluded patients that had AE in the course of urticaria or anaphylaxis. Then we separated patients with isolated AE due to identified causes (i.e., hereditary AE, allergy, autoimmune diseases, histamine intolerance, AE of the uvula in patients with gastroesophageal reflux, and labial edema due to viral infections). Patients with no identified cause that were not receiving ACEI were regarded as IAE. We contacted patients that were receiving ACEI at the time of AE presentation by mail, explained the aim of the study, and asked them for permission to participate in a structured phone interview to obtain follow-up data on the effect of ACEI discontinuation. If AE did not occur 3 or more months after ACEI discontinuation, the patient was classified as ACEI-AE. Patients that did not respond to our invitation and those whose telephone numbers and e-mail addresses were not available were excluded from some parts of the analysis (comparison of characteristics of ACEI-induced AE vs. IAE).
AE characteristics
We obtained the data on AE location from patient medical files. AE severity was graded as mild (discomfort with no effect on daily activities), moderate (discomfort with an effect on daily activities), and severe (unable to perform daily activities or regular work). Treatment of the most severe episode anytime in the patient's C. Zupanc et al.
history was graded as: 1 = did not seek medical attention at the time of AE symptoms; 2 = sought medical attention from the family physician or emergency department; and 3 = hospitalization. The number of AE episodes in life was graded as 1 (1 or 2 AE episodes), 2 (3 to 10 AE episodes), and 3 (more than 10 episodes).
Statistical methods
Data are presented as the mean and standard deviation. The statistical significance in the frequency of location of IAE and ACEI-AE and associated signs and symptoms among the groups of patients were analyzed with Fisher's exact test.
Confidence intervals (CIs) were calculated as exact CIs for sample proportions. We took a more conservative approach (a wider CI) and calculated it only for patients that had a well-characterized origin of angioedema.
Ethical approval
The study was approved by the national ethics committee on February 18th, 2014.
Results
Proportion of types of AE
In the 10-year period from 2005 to 2014, 603 patients with AE were referred (59.9% women) to our clinic. Among them, 36.9% of AE was associated with urticaria or anaphylaxis, and 10.5% of patients were diagnosed with other identified causes ( Fig. 1) . Of the remaining, 170 were receiving ACEI, 134 were not receiving ACEI, and for 37 patients there were no data on ACEI in the medical file. Finally, 80 patients were diagnosed as ACEI-AE and 177 with IAE. For 84 patients, we did not have follow-up data (47 of these were treated with ACEI, and for 37 there were no data on ACEI treatment).
To estimate the proportion of ACEI-AE in the cohort of isolated AE, we further analyzed 304 patients with a known ACEI treatment status. We first assessed a sample of ACEI-AE cases among patients with well-characterized origin of AE among patients taking ACEI. The proportion of ACEI-AE among these was 80/125 (64%; 95% CI = 54.9%-72.4%). We then extrapolated this number to a sample of patients that were taking ACE inhibitors but in which we could not characterize the origin of AE, thus obtaining an additional 30 patients that were probably suffering from ACEI-AE in the entire group of patients. This allowed us to evaluate the proportion of ACEI-AE in the entire sample (110/304 [36.2%]). The 95% CI was 30.3% to 42.4%.
Characteristics of ACEI-AE and IA
There was a significant difference between IA and ACEI-AE in the age and sex distributions (Table 1) . IA was more common in women than in men, and ACEI-AE was equally distributed between sexes. The presence of atopy was not significantly different between the groups (IA 37.9% and ACEI-AE 26.2%). The location of AE did not significantly differ between IA and ACEI-AE, although there was a tendency for a higher risk of oral cavity AE in ACEI-AE (Table 2) . Significantly more patients with ACEI-AE complained of dyspnea (32 of 80; 40.0%) compared to IA (39 of 177; 22.0%; p < 0.01). The number, severity, and treatment of AE episodes are shown in Table 3 . The number of episodes until referral to the clinic was not significantly different between IA and ACEI-AE; however, patients with ACEI-AE had more severe episodes compared to IA, and those episodes were more likely to be treated by a family doctor or patients were even hospitalized. Legend: IAE = idiopathic angioedema; ACEI-AE = angiotensin-converting enzyme inhibitor-induced angioedema Legend: IA = idiopathic angioedema; ACEI-AE = angiotensin-converting enzyme inhibitor-induced angioedema; NI = no information. We assumed that, when the location of angioedema in a particular location was not mentioned in the patient's medical file, that location was not involved; NS = not significant
Discussion
We found that between 27.1% and 37.9% of the isolated AE cases in everyday clinical practice at the tertiary allergy clinic were due to ACEI, and 54.9% to 72.4% of AE in patients that were treated with ACEI had ACEI-AE. In spite of an extensive diagnostic workup and growing knowledge about the pathophysiology of AE, other specific causes of AE are rarely identified, and more than half of isolated AE remains idiopathic (6). Atopy does not seem to be an important factor in the pathogenesis of isolated AE, as shown in our study. The sex distribution, age, frequency of signs, symptoms, and locations of AE found in our study were similar to reports in the literature (4, 6) . In a study by Zingale et al., the face was involved in 81% of patients, the tongue and oral cavity in 45%, other cutaneous sites in 17%, upper airways in 20%, and the bowel in 3% of patients.
Angiotensin-converting enzyme (ACE) catalyzes conversion of angiotensin I to angiotensin II, which is a potent vasoconstrictor. Inhibition of ACE with ACEI decreases the production of angiotensin II and thus lowers blood pressure. However, ACE is the main enzyme that is also responsible for the degradation of bradykinin. Although bradykinin is degraded by other peptidases-for example, aminopeptidases M, carboxypeptidases N, neutral endopeptidases, dipeptidyl peptidase IV, enkephalinases, or neprilysin-these enzymes are less effective than ACE (7). In susceptible individuals taking ACEI, alternative pathways for bradykinin degradation are less active, which in turn causes episodic accumulation of bradykinin and subsequently cough or AE (8) . Risk of AE is increased in patients with certain polymorphisms. The insertion II genotype of insertion/deletion (I/D) ACE polymorphism is associated with low circulating ACE levels (9) . Patients with C-2399A polymorphism have reduced activity of aminopeptidase P and a higher incidence of ACEI-AE. Because the gene is X-linked, it explains a higher frequency of ACEI-AE in women, as found in some studies. The bradykinin receptor B2R-9 allele has higher affinity for bradykinin and was associated with more severe episodes in cases of hereditary AE due to C1NH deficiency (9) . Substance P, which is also degraded by ACE, and additionally by neutral endopeptidases, can contribute to AE by increasing vascular permeability (10).
Up to 5% of patients do not tolerate ACEI, primarily due to cough, and AE occurs in 0.1% to 0.7% of patients taking ACEI (11) . In a meta-analysis of 40 randomized controlled trials with 74,857 patients, AE occurred in 0.3% of patients receiving ACEI and in 0.11% of patients receiving angiotensin receptor blockers or placebo (12) .
ACEI is a frequently used medication for hypertension, chronic heart failure, ischemic heart disease, diabetic nephropathy, and progressive renal failure. In the last few years, use of ACEI has increased substantially (13) . In Slovenia, between 2003 and 2013, ACEI use has increased by 47.6% (14) . Parallel with increased ACEI prescription, increased frequency of AE has also been no- AE usually manifests soon after initiating ACEI therapy, but can also manifest only after years of therapy (4). Our patients were diagnosed with ACEI-AE after a median of three to 10 episodes. IAE is more frequent in women than in men, as also shown in our study (4) . However, in ACEI-AE, we found no difference in the sex distribution, as was also the case in the study of patients hospitalized for ACEI-AE (17) . Patients with ACEI-AE are significantly older than patients with IAE, which can be explained by the fact that an ACEI is prescribed in advanced age.
ACEI-AE is more severe than IA, as also shown in our study. ACEI-AE is a potentially life-threatening condition (17, 18) . In the United States, mortality due to AE increased in the last 30 years from 0.24 to 0.34 per million in spite of decreasing mortality due to hereditary AE (19) . It is likely that the prevalence of life-threatening episodes is much higher than reported. In a 1-year period, we recognized two severe episodes with a need for intubation in a single Slovenian regional hospital (20) . The frequency and severity of ACEI-AE was higher in African-Americans (21). It is believed that the tendency is genetically determined and related to polymorphic variants in genes that modulate the activity of aminopeptidases (22) .
In our study, one-third of AE patients had ACEI therapy at presentation. Among these AE patients, approximately two-thirds no longer had AE episodes after ACEI discontinuation, but in the rest AE episodes continued, which means that ACEI therapy was not the main reason for AE but was only an aggravating factor.
No specific drugs are licensed for the treatment of ACEI-AE. The majority of patients are treated with antihistamines and systemic steroids. Epinephrine is not very effective in ACEI-AE. Some recent studies showed a much higher efficacy of icatibant. Icatibant is currently licensed only for treatment of patients with hereditary AE (23) (24) (25) . Omalizumab was also shown to be effective in refractory IA (26) .
There are some weaknesses in our study. It was predominantly retrospective and a single-center study. Only patients that had data on ACEI therapy in their medical chart and with a confirmed diagnosis were contacted. We were not able to contact all patients with a history of ACEI treatment. This approach might underestimate the number of patients with identified causes of AE (apart from ACEI).
In conclusion, ACEI treatment was shown to be the most frequent removable cause of isolated AE. About two-thirds of AE cases in patients taking ACEI are resolved after removal of the drug. Legend: IAE = idiopathic angioedema; ACEI-AE = angiotensin-converting enzyme inhibitor-induced angioedema; NS = not significant Data were obtained from medical files
